To describe the construction of a factor of allocation of fi nancial resources, based on the population's health needs.
When looking at current health care policies in Brazil, it is impossible to ignore the 1988 Federal Constitution, a which recognized health as a basic human right and the duty of the State. The aim of the legislators was to guarantee the equal and universal right to health by links with economics and not merely with the social area.
To make what is stated in the Constitution a reality, in this particular, it was necessary to involve what had already been structured, such as establishing a health care framework which embraced all Brazilians and operated according to principles of equality. 11 Equality is a principle which governs distributive functions aiming to compensate or overcomes existing inequalities, considered to be socially unfair and avoidable. 13,b Equality in health is sustained in the right to health care, which is related with a specifi c concept of health, i.e., equality in health care is a process which changes its focus and scope in accordance with the results achieved. Including principles of equality when formulating health care policies is not automatically accompanied by the implementation of policies which result in higher levels of equality in the health care services provided. 1 It is not just about passing laws, but about putting into practice the rights of the society, won by the 1988 Constitution. The State's obligation, if it does not withdraw from its commitment to society, needs to be carried out, seeking constitutional ideals consistent with its ability to execute them. Implementing public policies in favor of the citizens depends on fi nancial support from federal bodies and on the effi cient distribution of these resources.
INTRODUCTION
resources are passed on according to the services performed. This scenario tends to favor more developed localities and contributes to intensifying inequalities in allocation of and access to health care resources among different regions of the country.
11,d,e, ff
A study by the João Pinheiro Foundation showed signifi cant inequalities in the distribution of federal resources earmarked for health care between regions and municipalities. f There are social inequalities in access to health care services, in favor of the better-off segments of the population. This inequality is even more in evidence when curative health care is looked at. 6 Socio-economic and epidemiological differences between municipalities should be taken into consideration when allocating fi nancial resources to health care. Using methodologies which take into account criteria of equality and respect local, municipal and regional peculiarities is of fundamental importance for sustainability and in order to guarantee the rights advocated by the SUS (Brazilian Unifi ed Health System).
Studies have been carried out on allocating resources based on the Brazilian population's health needs. Bearing in mind the lack of such studies specific to the state of Pernambuco, the Research Group on the Political Economy of Health from Universidade Federal de Pernambuco created a methodology for allocating fi nancial resources to health care, using analysis by the statistical model of Artifi cial Neural Networks (ANN) to create a factor of allocation (FA). The ANN is made up of a layer of input neurons, an output layer and one or more intermediate or hidden layers. This network of connections transmits information in one direction between the neurons. 5, 12 The ANN is fl exible as to the specifi cations of the system, meaning it has a wide variety of uses, including for classifi cation. It is notable for its ability to evaluate itself. 2 The ANN has the ability to correct imprecise data, which makes it effi cient in tasks for which it is not easy to formulate a set of rules, such as the proposal of calculating a FA. This article aimed to describe the construction of the factor of allocation FA of fi nancial resources based on the population's health needs.
METHODS
This study is part of the research project entitled "Equitable allocation of fi nancial resources for health in Pernambuco: a methodological proposal", carried out between 2009 and 2011.
i The proposal was based on the needs of the population, through constructing a FA for the municipalities of the state of Pernambuco.
Municipalities of the state of Pernambuco which provided the information necessary to create the analysis database were included. Indicators which refl ected the population's health needs were chosen to construct the FA. Eighteen variables encompassing demographic, epidemiological, socio-economic and educational issues were selected, these being: infant mortality, mortality under fi ve years of age, early mortality of the elderly, proportional mortality from external causes, mortality due to cardiovascular diseases, mortality due to infectious and parasitic diseases, mortality due to cancer, the percentage of deaths due to unknown causes, proportion of teenage mothers, the proportion of inadequate prenatal care, fertility rate, Gini index, proportion of elderly in the population, literacy rate, fi nancing capacity per capita, percentage of people with income per capita below ½ minimum wage, percentage of urban households with basic sanitation and proportion of urban households served by garbage collection.
The variables were collected in databases in the public domain: The SUS Department of Computer Science, Human Development Atlas in Brazil, IBGE, Information System on Public Health Budgets and National Treasury, with the exception of the variable of early mortality of the elderly, where the data for the years 2000-2010 the most recent available, were provided by the Pernambuco Health Department.
It was necessary to standardize the confi guration of each response based on the variables selected. The data obtained from the municipalities studied were organized by locality using Excel 2007 software. Preliminary analysis of the variables and their description was carried out to obtain a preliminary understanding of the municipalities' situations.
The degrees of correlation between the variables were analyzed using Pearson's linear correlation analysis.
When the preliminary analysis had been carried out on the selected variables, the FA proposed by the was constructed in the following stages: 1) Standardizing the variables: due to the different magnitudes between the variables, all were standardized to have a mean of 0 and a variance of 1.
2) Two fi ctitious municipalities were created, based on minimum and maximum values from the sample: one "very bad" municipality, which had all the "worst" values for each variable, and one "excellent" municipality, with the "best" values for each variable.
3) After the creation of these two fi ctitious municipalities, a random sample of 200 municipalities between the "excellent" and the "very bad" was obtained, added to the values of the variable of the two fi ctitious municipalities, this produced uniform, continuous noise, varying between 0 and 0.01.
4)
Half of the sample obtained in the previous stage was randomly selected to tune the ANN; the other half was used in the cross validation of the model. The sample of municipalities studied was used in the network testing stage.
5) The Intelligent Problem solver technique of the neural network packet of the Statistica software version 7.0 (StatSoft, Inc.) was used to obtain the best ANN model which classifi ed the municipalities into two groups, "bad" and "good", considering the type of network (Multilayer Perceptron -MLP, Linear -LN and Radial Basis Function -RBF) and the number of hidden layers. The program provided the fi ve best networks based on validation and test errors. The best network was that which had the lowest validation error.
6) The level of confi dence of the classifi cation of a certain municipality in one of the two groups was used as the FA.
This procedure generated the FA for the RGPEH's Artifi cial Neural Network. Working with secondary data may lead to errors due to not controlling the recording of the variables in question. Moreover, the problem of the year stands out as, for the set of indicators selected in this study it was not possible to fi nd data referring to the same annual period. Thus, it was decided to work with the most recently available data. Public databases which had been used in other methodologies with the same objective as this study were considered.
The Statistica 7 (StatSoft, Inc.) program was used.
RESULTS
Using the Intelligent Problem Solver technique, the radial basis function was the type of ANN which performed best.
The results for the fi ve best networks indicated by the Intelligent Problem Solver sechnique, and in agreement with the FA, included the profi le (number of inputs, hidden and output layers) and levels of accuracy and error in the training, validation and test stages for each network ( Table 1 ).
The variables translated into a network with 18 inputs, 12 hidden neurons, one hidden layer and one output. Table 2 shows the medians and minimum and maximum values for each variable, as well as the municipalities which presented these values. 
DISCUSSION
The diffi culty in defi ning and putting into practice a simple criterion for allocating resources which refl ects health care priorities and policies and reduces inequalities emphasizes the need to discuss and analyze more c,j When thinking about formulas for allocating financial resources for health care, the factor of health care needs should be added to geographical criteria. 7 However, it is in the choice of variables that the main diffi culty in creating a FA resides. Putting a specifi c population's health needs into perspective is a challenge and a limiting factor in approached to allocate fi nancial resources equally, as the true extent and complexity of the topic might not be reached. 7,d Some characteristics which should be considered when selecting variables to refl ect the population's health needs are: vulnerability to being manipulated by those who manage public policy; true representation of factors of need; exemption from the process of political choice and the availability of reliable data. The data necessary in order to obtain reliable results came from different years, especially in smaller municipalities, however, the data from the most recent year available was used. The limitation and quality of the data from small municipalities was found in another study. 8 The authors of this study opted to group the regions together in order to carry out the analysis. This option was not available to this study, as the unit of study was the municipality.
The municipalities in Pernambuco show high values for mortality under fi ve years of age and diseases of the circulatory system, percentage of live births with inadequate prenatal care and people with income per capita below $ 40.81. This shows the where state's major needs for health care are. The analyses reveal values which positively show the situation in the state of Pernambuco as regards means found for illiteracy rates, percentages of homes which are served by rubbish collections and mortality due to infectious and parasitic diseases.
The municipalities of Manari and Ipojuca stand out as where the minimum and maximums for each value were found. The former, for having the worst levels for the variables: illiteracy rate, percentage of people with income per capita below $ 40.81, percentage of homes which are served by garbage collections and mortality under fi ve years of age. The latter showed the best results for the variables: ICMS k per capita and fi nancing capacity per capita (Table 2 ).
For each of the variables, a value considered excellent was given, in accordance with the sample. The locality which achieved this value was denominated as an excellent municipality (m e ). These data guided the ANN tuning stage.
One of the municipalities studied presented a minimum value for the variable percentage of urban households with basic sanitation, indicating that the health of the inhabitants of this locality was somewhat vulnerable, given that environmental conditions are determining factors in health problems. 9 Another municipality was notable for having the lowest value for the variable mortality due to infectious and parasitic diseases. This suggests a good association with the health care situation in the municipality. However, the possibility that this data was under reported should be considered.
The municipalities in Pernambuco showed high variability in the values of a good part of the variables in the descriptive analysis: the coeffi cient of infant mortality, ICMS per capita, percentage of deaths due to unknown causes, fi nancing capacity per capita and percentage of urban households with basic sanitation. This may indicate inter-municipal differences within the state, suggesting the need for differentiated allocation of health care resources suitable to each places circumstances, justifying the adoption of an index which refl ects the health needs of each municipality.
Choosing a statistical method for calculating the FA should be considered, due to the scope and complexity of measuring health care needs in a specifi c population. Using ANN to choose is based on a theoretically structured reference, as they are systems of artificial intelligence which mimic the problem solving processes in the human brain, i.e., they formulate and apply knowledge acquired from past experience in order to solve new problems or situations. This model appeared as an attempt to mathematically simulate the human nervous system, and the network is a representation of the neurons available for the analysis of specifi c input signals in mathematical terms. 10 With this functioning, ANN has a wide range of applications in diverse areas of science and technology, including in health. In medicine, researchers use Multilayer Perceptron ANN in "Diagnosing Interstitial Lung Injury", l "Differential Diagnosis of This model has the capacity to offer good responses, even with secondary data, which may be confusing or noisy, as the weighting of each variable is adjusted according to the network's learning process. This makes it applicable to a wide range of circumstances. 9 ANN has been shown to be a powerful tool, adapted to carry out various tasks such as: memorizing, associating, pattern recognition, generalization, and analyzing multi-variate non-linear data, among others.
14 This range of applications is a result of its fl exible nature of the system specifi cation. 2, 14 ANNs have a statistical base inherent on the impact of input distribution (non-normal) on estimating weighting. The main difference in relation to multiple techniques is the absence of any statistical inference test for the model's adjusted weightings. 2 The ANN which composed the FA had a good number of hidden neurons, given the complexity of the topic proposed. Neural networks which have few hidden neurons are preferred for their tendency to reach higher generalization powers, reducing overfi tting; however, they may not have suffi cient ability to model data which involve complex problems.
q Generalization refers to the network's capacity to produce outputs which are not present at the moment of learning. 3 Despite the validation error values of MLP networks being lower than those of RBF, it was decided not to consider them, given the high test error value, which indicated possible overfi tting by the network.
The FA presented constitutes a comprehensive methodological proposal, as it incorporates in its wake not only variables belonging to health but also those which bring socio-economic, demographic and educational dimensions. It is viable to use ANN with a good number of variables, as this statistical technique permits the use of many indicators, given its generalization power. The results show a distribution in which municipalities recognized as needing greater fi nancial support for health care were placed in quartiles considered good (1 and 2). The contrary was also observed, i.e., places which were well supported by resources were placed in quartiles 3 and 4. The proposed FA showed the municipalities in quartile 4 to be well placed, according to their socio-economic and epidemiological circumstances.
The higher quantity of municipalities placed in the quartile with fewest needs led to the conclusion that the FA presented distributed the municipalities, separating those with extreme need for more fi nancial support from those which showed less serious need for fi nancial support.
This study may serve as a reference for comparative research, not just in Pernambuco but extrapolated to other places. The complexities involved in choosing the variables which best refl ect the health care needs implies the existence of additional studies using ANNs statistical techniques, which allows the addition of other variables which may express the population's health care needs. It may even relate them to fi nancial data to contribute to the improvement of knowledge and the pursuit of more equitable allocation criteria.
The importance of methodologies for the equitable allocation of health care resources by fi gures in the public negotiation spaces and defi nition of the distribution of these resources should be contextualized and used as an instrument to support equitable distribution, bearing in mind other indicators of the dynamic reality of the functioning of the municipal health care system. 
